Background and Aims Hospital admissions in cirrhotic patients are a source of significant health care expenditure. Most studies to date have focused on readmissions in patients with decompensated cirrhosis. We sought to describe predictors of hospital admissions in an ambulatory cirrhosis cohort consisting of both compensated and decompensated patients to identify patients who could benefit from intensified outpatient chronic disease management. Methods We performed a retrospective cohort study of 395 cirrhotic patients followed at an academic medical center liver clinic. Inclusion criteria were documented cirrhosis and longitudinal care at our center during 2006-2008. Patients were followed until December 2011, death, or liver transplantation. The primary outcomes were non-elective cirrhosis-related hospital admissions within 1 year and time to admission. The secondary outcome was 2-year cirrhosis-related mortality. 
admission during the baseline year [2. Conclusions Advanced disease, diuretic use, and marital status were associated with cirrhosis-related hospital admissions in patients followed at an academic medical center liver clinic. Our findings suggest that patients with inadequately or overzealously treated ascites, as well as those with limited social supports, could benefit from intensified outpatient management.
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Introduction
Cirrhosis is the 12th leading cause of death in the United States and a major cause of worldwide morbidity and mortality. According to the Centers for Disease Control and Prevention, cirrhosis and chronic liver disease were responsible for over 30,000 deaths in the United States in 2009, representing 1.3 % of all deaths that year [1] . When deaths attributed to complications of cirrhosis are added, there are over 44,000 deaths per year due to cirrhosisnearly as many as result from diabetes mellitus. These data likely underestimate the true impact of liver disease on mortality-a recent study suggests that the actual toll (25.7 deaths per 100,000 people) may be double what is widely quoted (11.7 deaths per 100,000 people) [2] . Cirrhosis is the second leading cause of digestive disease related mortality, behind colorectal cancer. Moreover, patients with decompensated cirrhosis fare worse than those with compensated cirrhosis. One study estimated that survival rates at 1 and 5 years after a first episode of decompensation are 81.8 and 50.8 %, respectively [3] . Furthermore, cirrhosis incurs a substantial financial burden on the health care system. The estimated cost of a single cirrhosis-related hospital admission is US$15,000, and the total estimated cost of cirrhosis-related hospitalizations in the United States is $4 billion annually [4] . This burden is predicted to significantly increase over the next decade due to an aging population with hepatitis C.
Despite the availability of evidence-based professional guidelines for the prevention of cirrhosis complications, the adherence to these guidelines by care providers and patients is suboptimal. In one study of patients with cirrhosis and ascites seen at Veterans Affairs Medical Centers, only 33.2 % of patients received all recommended care as described in professional guidelines [5] . Patients with cirrhosis are at high risk for hospital readmission once admitted for a cirrhosis-related complication. In a study of patients with decompensated cirrhosis, the median time to readmission after index hospitalization was 67 days. Within 30 days of discharge, 37 % were re-admitted at a cost of over $20,000 per admission; 22 % of these admissions were thought to be preventable. High model for end-stage liver disease (MELD) score, low serum sodium, and the presence of complications of cirrhosis were predictors of readmission. The most common causes for preventable readmissions in these patients were hepatic encephalopathy and hyper-or hypovolemia secondary to diuretics [6] .
Given the complexity of cirrhosis as a chronic disease, adopting a chronic disease management model has been identified as a potential strategy for coordinating the care of these patients. With such a strategy, cirrhosis patients would be followed by a well-coordinated, multidisciplinary team, and effective monitoring systems would be in place to ensure delivery of all indicated care [7] . Ideally, the chronic disease management model would optimize patients' quality of life between visits and minimize preventable hospital admissions.
To maximize the potential of the chronic care model, high-risk patients who would benefit most from the chronic disease management model should be identified. Existing literature has identified risk factors for hospital admission and readmission in decompensated cirrhosis patients [5] , for example higher MELD score and complications of cirrhosis as noted above. In addition, obese and overweight patients with cirrhosis have higher rates of hospitalization and death compared to non-obese patients [8] . However, existing literature focuses on readmission rates in decompensated cirrhotics, who are already at high risk for hospital admission [9] . A review of recent literature [6] [7] [8] [9] yielded no studies examining predictors of hospital admission and clinical deterioration in a more general cirrhosis population (both compensated and decompensated) receiving care in a liver clinic. By describing patient characteristics associated with hospitalization and death, we sought to identify patients who would benefit from a chronic disease management program.
At our center, patients with cirrhosis are managed in a multi-disciplinary Liver Clinic. The clinic is staffed by 
Methods

Selection of Cohort
The research patient data registry (RPDR) at Partners Healthcare is a database composed of 1 billion records from over 4.5 million patients from 1988 to the present. Data come from ten sources, including billing registries and electronic medical records, and contain patient encounters, laboratory test results, imaging, and other clinical data. We searched this database for International Classification of Diseases 9 (ICD-9) codes associated with cirrhosis (Supplemental Table 1 ). Patients ages 18 through 80 with at least two encounters for one of these ICD-9 codes during the inclusion window from January 1, 2006 until December 31, 2008 were included in the initial study cohort. An additional inclusion criterion was evidence of an established relationship with our institution, as we sought patients who were likely to be admitted to our hospital. This criterion was defined by receipt of each of the following at our center during the inclusion window:
1. At least two office visits to our outpatient liver clinic separated by at least 1 month; 2. At least one upper gastrointestinal endoscopy; 3. At least one abdominal imaging study.
Medical records for patients meeting the above criteria were manually reviewed. Patients who did not have documented cirrhosis (by liver clinic notes, imaging, or liver biopsy), who had undergone prior liver transplantation, or who did not live in the region of our center (Northeastern United States) were excluded.
Collection of Baseline Data
We defined a start date for each patient, which was the date when the last inclusion criterion (second office visit, upper endoscopy, or imaging study) occurred during the 2006-2008 inclusion period. We then established a baseline period for each patient, defined as one calendar year before this start date. Baseline variables extracted from chart review and RPDR data included age, gender, race, and etiology of cirrhosis as documented in liver clinic notes, MELD score, prior complications of liver disease, comorbidities, medications, laboratory test results, marital status, health insurance, smoking history, and alcohol use. MELD score was calculated using the creatinine, total bilirubin, and international normalized ratio (INR) collected closest to the inclusion date. Because 77 patients (19.5 %) had laboratory values used for MELD calculation that were not collected on the same date, we conducted an analysis of MELD scores with same-date laboratory values versus the most up-to-date values for each laboratory. The mean for both the up-to-date and same-date MELD scores was 10.3, with a mean difference between the values of 1.0. Twenty-two of these MELD scores could not be calculated using same-date values; the mean for these scores was 10.0. We therefore used most up-to-date values for those patients without same-date values. The Mayo Clinic MELD calculator was used for all MELD calculations [10] . Demographics, including gender, race, language, health insurance, and marital status were taken from RPDR data. The Charlson Comorbidity Index (CCI) was calculated for each patient using the Deyo adaptation [11] .
Cirrhosis-related hospital admissions and Emergency Department (ED) visits during the baseline year were identified by manual review of discharge summaries. An admission was deemed related to cirrhosis if cirrhosis was the primary factor leading to the admission, or if it contributed significantly to the admission. Elective admissions (e.g., transjugular intrahepatic portosystemic shunt revision, radiofrequency ablation) were excluded, as were admissions solely for liver transplantation. We did not include cirrhosis-related admissions to outside hospitals.
Follow-up Data and End Points
The follow-up period was defined as the patient's start date through December 31, 2011. The primary outcomes studied were 1-year cirrhosis-related hospital admissions and time to first admission. Patients were censored at the time of liver transplantation or death if these events occurred prior to December 31, 2011.
The secondary outcome was 2-year cirrhosis-related death. A death was considered cirrhosis-related if it resulted from complications of cirrhosis, or if cirrhosis contributed significantly to the patient's demise. A subgroup analysis was performed for primary and secondary outcomes on patients who had no cirrhosis-related admissions during the baseline year.
Statistical Analysis
Univariate analyses for candidate variables were performed using logistic regression models or Cox proportional-hazards models where appropriate. Multivariable logistic regression was performed using candidate variables with p \ 0.10 in univariate analyses. We observed that presence of ascites, diuretic use, and cirrhosis-related ED visits during the baseline year were colinear. We performed Chi square analysis on pairs of these variables and found that baseline ED visits and diuretic were associated (p = 0.06). Similarly, diuretic and presence of ascites were highly associated (p \ 0.001). Because of their colinearity with diuretic use, presence of ascites and ED visits during the baseline year were excluded from each of the multivariable models. Two-sided p values B0.05 were considered significant. All statistical analyses were performed using SAS v.9.2.
This study was approved by the Partners Human Research Committee (protocol 2012P001912). All authors had access to the study data, and all approved the final draft of this manuscript.
Results
In the inclusion window from January 1, 2006 to December 31, 2008, 1,816 patients had at least two encounters coded from the Supplemental Table 1 diagnoses. Of these, 439 patients had at least two office visits, one upper gastrointestinal endoscopy and one abdominal imaging study. Seventeen patients had undergone prior liver transplantation and were excluded. An additional 24 patients were excluded who did not have documentation of cirrhosis in the medical record. Finally, three patients were excluded who lived outside the Northeastern United States (eligible states: Massachusetts, Maine, Rhode Island, New Hampshire, Vermont, New York, Connecticut), as these patients were unlikely to be admitted to our hospital. In total, 395 patients were included in our cohort for analysis (Fig. 1) . Baseline characteristics of the cohort are shown in Table 1 .
The median length of follow-up was 3.70 years. During follow-up, 21 patients (5.3 %) developed HCC, 46 patients (11.6 %) underwent liver transplantation, and 124 patients (31.4 %) died from any cause. Of these deaths, 69 patients (55.6 %) died due to cirrhosis-related complications, excluding those who died after liver transplantation. One hundred and forty-two patients (35.9 %) were admitted for cirrhosis-related causes at any point during follow-up. Of these, 44 (31.0 %) required intensive care unit (ICU) admission. The most common cirrhosis-related complication leading to admission was hepatic encephalopathy, with 64 patients (16.2 %) admitted during follow-up.
Predictors of One-Year Admissions
For our first primary outcome, 78 patients (19.7 %) had at least one cirrhosis-related hospital admission within 1 year of their start dates. The univariate and multivariable results are shown in Table 2 . In the univariate analysis, the following were associated with 1-year admissions: diagnosis of HCC, diuretic use, MELD score C15, being unmarried, at least one cirrhosis-related admission during the baseline year, at least one cirrhosis-related ICU admission during the baseline year, at least one cirrhosisrelated ED visit during the baseline year, etiology of cirrhosis, CCI, diabetes mellitus, congestive heart failure, lactulose or rifaximin use, SBP prophylaxis use, and presence of ascites. In the multivariable analysis, MELD score C15, diagnosis of HCC, diuretic use, at least one cirrhosis-related admission during the baseline year, and being unmarried were associated with 1-year hospital admissions.
Predictors of Time to First Admission
For those patients who were admitted during follow-up, the median time to admission was 242 days. The results of the statistical analyses for time to admission, the second primary outcome, are shown in Table 3 . In the univariate analysis, the following variables were associated with a shorter time to admission: congestive heart failure, lactulose or rifaximin use, SBP prophylaxis use, diuretic use, MELD score C15, diagnosis of HCC, presence of ascites, at least one cirrhosis-related ED visit during the baseline year, at least one cirrhosis-related hospital admission during the baseline year, at least one cirrhosis-related ICU Forty-four patients (11.1 %) died from cirrhosis-related complications within 2 years of their start dates, excluding those who died after liver transplantation. In the univariate analysis, congestive heart failure, MELD score C15, diagnosis of HCC, being unmarried, presence of ascites, lactulose or rifaximin use, diuretic use, at least one cirrhosis-related ED visit during the baseline year, at least one cirrhosis-related hospital admission during the baseline year, at least one cirrhosis-related ICU admission during the baseline year, CCI, and the number of liver clinic visits during the baseline year were associated with 2-year cirrhosis-related mortality, as shown in Table 4 . In the multivariable model, congestive heart failure, MELD score C15, diagnosis of HCC, and being unmarried were associated with 2-year cirrhosis-related death.
Complications of Diuretic Use
Although not a study outcome, we examined hospital admissions for complications of diuretic use, such as acute kidney injury or electrolyte disturbances. Twenty-nine patients (7.3 %) were admitted for such complications at any point during follow-up.
Subgroup Analysis: Patients Without Cirrhosis-Related Hospital Admissions During the Baseline Year
To exclude the possibility that there were different sets of predictors for those patients with and without recent cirrhosis-related admissions, we performed a subgroup analysis on those patients who were not admitted during their baseline year. For 1-year cirrhosis-related hospital admissions, diuretic use and the number of liver clinic visits per year during follow-up were predictors (Supplemental Table 2 ). For time to first cirrhosis-related hospital admission, the following were predictors of a shorter time to admission in the multivariable model: MELD score C15, diuretic use, diagnosis of HCC, and the number of liver clinic visits per year during follow (Supplemental Table 3 ). For 2-year cirrhosis-related mortality, diuretic use, being unmarried, and diagnosis of HCC emerged as significant in the multivariable model (Supplemental Table 4 ).
Discussion
Although hospital readmissions have been the focus of increasing attention due to impending Medicare penalties, risk factors for hospital admissions in ambulatory cirrhosis patients, including compensated cirrhotic patients, have not been systematically studied. This is thus the first study that sought to identify ambulatory cirrhosis patients at higher risk for hospital admissions. We found that patients with cirrhosis followed in an ambulatory liver clinic are commonly admitted for cirrhosis-related complications. MELD score C15, diagnosis of HCC, and taking a diuretic were predictors for cirrhosis-related hospital admissions and cirrhosis-related death. We found that more advanced cirrhosis, represented by higher MELD scores and diagnosis of HCC, is associated with higher risk for hospitalization. This association is consistent with the known increased morbidity and mortality experienced by patients with advanced disease [3] . Cirrhosis-related admissions during the baseline year were associated with a shorter time to the next admission, suggesting that patients with recent admissions are at higher risk for future admissions and should be followed closely.
Diuretic use also emerged as strongly associated with cirrhosis-related hospital admissions. The colinearity between ascites and diuretics was expected, consistent with the practice of prescribing diuretics for ascites in cirrhotic patients. ED visits also displayed colinearity with these variables. However, in this study, it was not possible to identify the precise nature of these relationships. Patients with ascites on diuretics may be more likely to both be seen in the ED and admitted to the hospital; of the 13 patients with cirrhosis-related ED visits during their baseline year, seven (53.8 %) presented with ascites. In addition, our examination of the reasons for hospital admissions revealed that not only were patients on diuretics admitted for refractory ascites, 7 also experienced complications of diuresis. Although we did not include admissions for hepatic encephalopathy as ''complications of diuresis,'' it is likely that at least some of these were related to diuretic therapy. Given that hepatic encephalopathy was the most common cirrhosis-related complication experienced by patients in our cohort, finding preventable causes of these admissions would improve patient care. This is also consistent with previous studies suggesting that hypo-and hypervolemia in cirrhotic patients on diuretics are significant contributors to hospital admissions [5] .
These observations suggest that management of ascites with diuretics in cirrhotic patients is complex and requires close medical supervision. The American Association for the Study of Liver Diseases (AASLD) guidelines state that the first-line treatment of ascites due to cirrhosis is salt restriction and diuretics [12] . Given this recommendation, providers can expect many of their cirrhotic patients, particularly those with advanced disease, to be on diuretic therapy. Our results indicate that these patients should be targeted for more intensive management, as these admissions could possibly be prevented by better communication between physician and patient between liver clinic visits.
The factors associated with first hospital admission in patients who had not been admitted the previous year were similar to the factors for the entire cohort, based on our subgroup analysis. Disease severity as evidenced by MELD score and diagnosis of HCC was a predictor, as would be expected. Taking a diuretic was strongly associated with 1-year admissions and time to first admission. The number of office visits per year during follow-up emerged as a predictor for 1-year admissions and 2-year cirrhosis-related death; this likely displays high colinearity with disease severity. The subgroup analysis reveals that for ambulatory patients without recent cirrhosis-related hospital admissions, those taking diuretics should be followed carefully, in addition to those with more advanced disease.
Our analysis also suggests the importance of social factors in the risk for hospital admissions among cirrhosis patients. Existing literature suggests that marriage is associated with lower mortality in male patients hospitalized for pneumonia [13] , and also with fewer hospitalizations related to medication errors in diabetes [14] . In our study, being married was associated with fewer cirrhosisrelated hospital admissions, a longer time to hospital admission, and a lower risk of cirrhosis-related death. It is not clear how this effect is mediated. Because we also accounted for methadone or suboxone use and tobacco and alcohol histories, we believe that marriage is not simply a proxy for other psychosocial factors. One hypothesis is that marriage promotes adherence to prescribed medications. This could explain the protective effect of marriage in a cohort in which diuretic use is associated with higher risk for admission. This hypothesis cannot be tested with our dataset, but suggests that patients lacking social supports should be followed closely in the ambulatory setting, as they may be more likely to be admitted to the hospital. Our analysis did not account for domestic partnerships or other forms of cohabitation; this is an area that should be explored further.
The principal limitation of this study is its single institution design. Although we included only those patients who had an established relationship with our institution, it is possible that patients in our cohort were admitted to outside hospitals. This would lead us to underestimate the already high rate of admissions. An additional limitation is the retrospective nature of the study. The study was performed at a tertiary care center whose Liver Clinic cares for a complicated panel of patients. This could limit the generalizability to other settings such as community hospitals. Additionally, although we analyzed only cirrhosisrelated admissions and deaths, we realize that cirrhosis has a profound impact on a patient's overall health and therefore may have contributed to further hospital admissions or deaths that were not included in our analysis. Finally, our findings on the effects of marital status on hospital admissions are limited by the fact that we did not have access to information on patients' living situations. The presence of non-spousal caregivers in the home could affect these conclusions.
Existing studies have focused on hospital readmissions in decompensated cirrhotic patients, a relevant and timely topic given upcoming changes to reimbursements and penalties for preventable readmissions. Known predictors for readmission in patients with decompensated cirrhosis include obesity and advanced liver disease. However, no study that we are aware of has focused on predictors of hospitalization in an ambulatory cohort that includes compensated cirrhotic patients. Our findings have relevance for hepatologists attempting to risk stratify cirrhotic patients and determine which patients merit closer followup to prevent hospital admissions.
Our data form the foundation for the design of an outpatient intervention, now underway at our institution, to prevent hospital admissions in ambulatory cirrhotic patients. We will target cirrhotic patients with MELD score C15 who are on diuretics and who have limited social supports. Limited social support will be defined as living alone, lower socioeconomic class, and non-English as the primary language. Although we used marital status in this study because of its availability in our clinical research database, patients' living situations might serve as a more accurate measure of social supports. Relationship status will also be considered, as patients who live alone and therefore do not have partners available to act as caregiver would be appropriate targets for the outpatient intervention. ZIP codes can be used to identify patients from areas of lower socioeconomic status. Non-English primary language can identify patients who may have trouble accessing social and health services due to language barriers. In Massachusetts, all patients are mandated to have insurance, thus insurance data might not be as instructive here as it would in other states. The ability to study this group of high-risk patients prospectively will add valuable information to our existing predictors and help us better target those at the highest risk for hospital admissions.
